Abstract Imaging and local therapy are important modalities for detection and management of localized breast cancer.
Introduction
Imaging and local therapies clearly play important roles in the early detection and management of localized breast cancer. About 60% of patients present with localized disease, 35% with regional disease, and 5% with distant metastases at diagnosis [1] . Breast cancer mortality decreased by about 2.3% annually in the United States between 1990 and 2000 despite a persistent increase in incidence during this time [2] . This decrease has been attributed to both screening and adjuvant systemic therapy [3] . Subsequently, a decline in age-adjusted incidence rates was noted for the first time ever in the United States (U.S.) in 2003 in women aged 50 years or older (and particularly for estrogen receptor (ER)-positive disease) that was attributed to the declining use of hormone replacement therapy (HRT) in this age group [4] . This decline in HRT use followed release of the Women's Health Initiative trial results which indicated a 26% increase in breast cancer risk and an unfavorable risk-benefit ratio associated with combined estrogen plus progestin in healthy post-menopausal women [5] . Nevertheless, breast cancer remains the most common cause of cancer and second leading cause of cancer death in women in the US [6] . Incremental improvement in detection and management of localized disease achieved through carefully designed clinical trials offers the potential to further reduce breast cancer morbidity and mortality.
The Breast Cancer Scientific Leadership Council (SLC) of the Coalition of Cancer Cooperative Groups (CCCG) is an expert panel that was convened by the CCCG leadership. The objectives of the breast cancer SLC were to evaluate the current state of the art of breast cancer detection, prevention, and management, review the current portfolio of breast cancer clinical trials, identify gaps in the current portfolio, and provide recommendations for prioritizing current and future research. The initial report by the SLC focused on the use of systemic therapy for prevention and treatment of breast cancer [7] . This report focuses on breast cancer detection and imaging, and management of localized disease with surgery and radiation by the same expert panel using methods that were previously described in the prior report.
Imaging
Current imaging modalities commonly used in practice include mammography, sonography, and magnetic resonance imaging (MRI). The role of each of these modalities in screening is summarized herein and in Table 1 .
Screening mammography
Screening mammography (using conventional analog film) reduces breast cancer mortality by 26% in women aged 50-74 [8] , and by 18% in women aged 40-50 [9] . The observed decline in breast cancer mortality in the U.S. which became evident in the 1990s has been attributed in part to the widespread use of screening mammography [3] . However, mammography is only about 80-90% sensitive in patients with clinically detectable disease, and its lack of specificity leads to approximately 2-5 patients requiring biopsy for benign conditions for every cancer diagnosed [10, 11] . In addition, declining mammography screening rates between 1999 and 2002 that were first reported in 2007 have raised concern that this may eventually lead to increased breast cancer mortality [12] . Factors contributing to these declining mammography screening rates include lack of insurance coverage, a poor understanding of the value of screening, and fear of cancer diagnosis. An Institute of Medicine report in 2004 expressed concern about shortage of breast imaging specialists, and recommended that researchers and technology developers focus their efforts on developing tools to identify those women who would derive the most benefit from screening [13] . Digital mammography separates the processes of image acquisition, image display, and storage, allowing each to be optimized [14] . It allows the brightness and contrast of the displayed image to be manipulated independently from the process of acquiring the image, and, in general, uses less radiation than film-screen mammography [15] . The Digital Mammographic Imaging Screening Trial (DMIST) prospectively enrolled 49,528 women in the United States and Canada who underwent both film-screen mammography and digital mammography. Each woman's mammograms were interpreted independently by two different radiologists [16] . Although there was no significant difference in diagnostic accuracy between the two modalities in the overall trial population, digital mammography exhibited better accuracy in women younger than age 50, in premenopausal/peri-menopausal women, and in those with extremely dense or heterogeneously dense breasts. The difference in accuracy in these subgroups was due to improved sensitivity of digital mammography without a difference in specificity. An ongoing cost analysis from DMIST suggests that digital mammography is more expensive than film mammography, but despite its 1.5-4-fold higher acquisition costs, there was greater cost-effectiveness in women younger than age 50 [17] . Digital mammography also allows new applications that may improve early diagnosis, such as contrast-enhanced digital mammography and ''telemammography''-the electronic transmission of a digital image from a local physician's office or community hospital to a radiologist specializing in breast imaging, without loss of image quality. Digital mammography, however, requires rigorous training for the radiologist and has a learning curve. The addition of intravenous contrast during digital mammography may help increase the detection rate of occult lesions in mammographically dense breasts [18] .
Sonography
Screening ultrasound has been evaluated in single-center studies and retrospective reviews, which have indicated a 0.3% cancer detection rate in unselected healthy subjects or healthy subjects with dense breast tissue [19] [20] [21] . A small prospective study compared the cancer yield of MRI, mammography, and ultrasound (N = 171) [22] . Ultrasound produced a diagnostic yield of 0.6% compared with 3.5% for MRI and 1.2% for mammography. Ultrasound was also less sensitive than MRI and mammography at detecting lesions in a group of women with BRCA1 or BRCA2 mutations [23] . 
Magnetic resonance imaging
The use of magnetic fields instead of X-rays produces detailed cross-sectional images, and sensitivity is enhanced by the use of gadolinium for contrast enhancement. For high-risk women, MRI is more sensitive than mammography for in situ and invasive disease (71.1 vs. 40.0%), and also when only invasive disease is considered (79.5 vs. 33.3%) [27] . In addition, invasive cancers detected by MRI are smaller and more often associated with negative axillary nodes [28] [29] [30] . MRI is also more sensitive for detecting in situ disease than mammography (90 vs. 58%), with MRI being more sensitive for high grade disease and mammography for low grade disease [31] . However, although MRI does appear to be more sensitive for both invasive and in situ disease, mammography is more specific (95.0 vs. 89.8%) [27] . Thus, the issue becomes weighing the greater sensitivity of MRI against the greater specificity of mammography. Based on a recent systematic review of five accuracy studies, the addition of MRI to conventional screening tests facilitates early cancer detection in young, high-risk women [32] . Another role for MRI screening includes screening of the contralateral breast in women with a breast cancer diagnosis, in which a contralateral cancer was detected in 3.1% of patients which was not otherwise detected by physical exam or mammography [33] . MRI is clearly superior to mammography and Breast Cancer Res Treat (2010) 120:273-284 275 indicated in women with BRCA1 or BRCA2 mutations; in this setting, MRI detected 77% of cancers compared with 36% detected by mammography, 33% by ultrasound, and 9% by clinical examination [23] . The American Cancer Society (ACS) recommends annual MRI screening as an adjunct to mammography for known carriers of BRCA1 or BRCA2 gene mutations, untested first-degree relatives of mutation carriers, and women with lifetime breast cancer risk of 20-25% or greater based on family history models (summarized in Table 1 ) [34] . Other indications include prior radiation therapy to the chest between ages 10 and 30 years, and women who have first-degree relatives with Li-Fraumeni syndrome, Cowden syndrome, or Bannayan-Riley-Ruvalcaba syndrome. Because the data are insufficient to recommend for or against annual MRI for women with a lifetime risk between 15 and 20%, the ACS recommends that physicians should consider annual MRI screening added to annual mammography on an individual basis for these women. In women with a personal history of breast cancer, there are insufficient data to make firm guidelines regarding the use of MRI in screening. Annual MRI screening is not recommended for women with a lifetime risk \15%.
Recent studies have indicated increasing rates of mastectomy (including contralateral prophylactic mastectomy) [35, 36] , and some evidence indicates that this may be attributed to the increased use of MRI [37] . In addition, others have shown that MRI does not contribute to improved outcomes in those who have breast conservation [38] , and may result in inappropriate preference for mastectomy in patients who would otherwise have been suitable candidates for breast conservation [39] . Therefore, studies that go beyond increased sensitivity and demonstrate clinical benefit (improved local control rate or survival) are needed.
Investigational screening modalities
Investigational screening tools include methods for anatomic, functional, and combined imaging. Positron emission tomography (PET) imaging after injection of radioactive tracer ( [18] F-fluorodeoxyglucose [FDG]) combines functional and anatomic imaging, which may enable improved cancer detection in dense breasts, improved differentiation of cancers from scar tissue, and improved definition of extent of disease prior to surgery. In a prospective, multicenter trial, PET imaging had 93% sensitivity and 83% specificity for index lesions (i.e., the lesions that prompted study entry) [40] . Larger studies to assess the accuracy, costeffectiveness, and receiver-operator characteristic (ROC) performance measurements associated with FDG-PET imaging for screening are needed. Tomosynthesis is a technique to improve visibility of lesions by reducing image complexity due to overlap of tissue structures. It uses a series of images from different angles that are recorded on a single digital detector, with computer processing used to clarify the image. At this time, data on dose and reproducibility are minimal and not yet published in the peer-reviewed literature [41] . ACRIN is considering investigating tomosynthesis with intravenous contrast versus MRI (Pisano ED: personal communication).
Important clinical research questions for screening
At present, digital mammography is poised to replace conventional film-screen mammography because of its advantages in image capture, manipulation, storage, and transmission. In some patient subsets, it is very accurate in detecting breast cancer. Adjunctive screening with MRI also has become established as having value for high-risk women. Nonetheless, important research questions remain which are shown in Table 2 . Questions include which modality is best suited for individual patients? Which is best for women with dense breasts, or for younger women? Which is best for those with a prior breast cancer diagnosis? Who may safely be screened less often or starting at an older age? Who should be screened more often or before age 50? Can a combination of serum or genetic tests be used to help identify women for more aggressive screening? Table 2 Research recommendations in breast cancer screening Development of screening tools that will identify women who would derive the most benefit. Researchers and technology developers should focus their efforts on developing tools to identify women who would derive the most benefit from BC screening. How can we identify which screening tool will be best for individual patients? Which tool is best for women with dense breasts, for younger women, or for those with established BC? Which women could be safely screened less often or starting at an older age? Which women could be screened more often or before age 50?
Cost-effectiveness of new screening technologies. The cost of all new technologies must be addressed, that is, how cost-effective are these new tools in terms of cancer identified and lives saved? Do incremental benefits of adjunctive screening translate to a cost-effective advantage across the population of women? If not, for which populations will there be a cost-effective advantage?
Risk of radiation exposure. Most of the existing and investigational screening modalities involve exposure to radiation. Further research is needed to determine the relative risk of radiation exposure with new technologies. Moreover, can new tools be developed to reduce women's radiation exposure and risk of false positives?
Two other key issues include cost and radiation exposure. How cost-effective are these new strategies? Do the incremental benefits of adjunctive screening translate into a cost-effective advantage across the population of women, and, if not, for which populations will they do so? With regard to radiation exposure, what is the relative risk of radiation exposure with new technologies? It has been established that radiation exposure with digital mammography, in general, is lower than that of film-screen mammography [42] . But, for example, how much increased risk is imparted for high-risk women screened with digital mammography? Can new tools be developed to reduce women's radiation exposure and risk of false positives? Do the benefits of additional layers of screening with contrastenhanced digital mammography or PET imaging outweigh the risks of additional radiation exposure? Only long-term studies can answer these questions.
Surgery
Surgery has the dual goal of removing the tumor from the breast and regional lymph nodes and providing accurate staging [42] . Surgery may also have a role in selected patients with metasatic disease [43] . Lumpectomy is a less disfiguring procedure, but requires accurate assessment of the extent of the disease in order to ensure complete tumor removal with an acceptable cosmetic result. The presence of tumor-free margins has been associated with lower local recurrence rates after breast conserving surgery [43] , but has not been defined consistently. Absence of tumor cells at the inked resection margin has been defined as acceptable in studies performed by the National Surgical Adjuvant Breast Project (NSABP) [44] , but more widely negative margins may contribute to lower local recurrence rates, especially for women with locally advanced disease treated with preoperative chemotherapy. Questions remain about how best to measure the actual tumor extent, as well as what are the optimal margins of normal tissue around the tumor that should be removed. New methods to assess tumor margins status are of interest [45, 46] .
Tumor ablation
Ablation of the primary tumor using radiofrequency, lasergenerated heat, or cryosurgery is a recent surgical innovation that, while locally effective, is still considered experimental [47] . The presumed benefits of tumor ablation are its minimally invasive nature and potential to destroy tumors without the need for resecting normal surrounding breast tissue, potentially producing minimal cosmetic sequelae. Although results to date indicate that tumor ablation may have the potential to replace surgical resection for the treatment of small primary breast tumors, further studies are needed to determine whether the use of tumor ablation alone will result in similar long-term outcomes. Limitations include imprecise identification of the location and extent of the primary tumor, application to multifocal disease, the potential for higher local failure rates, the loss of anatomic information regarding tumor size, and biomarkers, and post-procedure surveillance that may be impaired by fat necrosis and procedure-associated calcification. Before ablative therapies can be adopted widely, carefully conducted trials evaluating local, regional, and systemic control are needed.
Surgery after neoadjuvant therapy
Neoadjuvant chemotherapy is currently the preferred approach for locally advanced disease, and is a reasonable option for those with large tumors who could benefit from tumor cytoreduction prior to surgery in order to facilitate breast conservation. Numerous studies have shown comparable benefit from systemic chemotherapy in patients with operable disease, whether given post-or pre-operatively [48] . Some studies have shown higher local recurrence rates with breast conservation after neoadjuvant chemotherapy, which may be in part related to difficulty in localizing the tumor by examination or imaging, or tumors that decrease in size in a honey-comb pattern rather than a concentric pattern. Some have advocated placement of clips in the tumor bed prior to (or during) neoadjuvant therapy, which has resulted in improved local control rates in some retrospective studies [49] .
Sentinel lymph node biopsy
Multiple clinical trials have demonstrated the feasibility and efficacy of lymphatic mapping and sentinel lymph node (SLN) biopsy in patients with operable breast cancer [50] [51] [52] [53] [54] [55] [56] . On average, the rate of false negative SLN biopsy is 8-10%. Sentinel lymph node biopsy has become widely adopted for patients with operable breast cancer and a clinically negative axilla. In the largest randomized trial to date, NSABP B-32, over 5600 women with clinically negative axilla were randomly assigned to receive SLN biopsy with axillary lymph node dissection (ALND) or SLN biopsy alone [53] . When they become available, longterm results from that trial will compare the two approaches relative to disease-free survival, overall survival, and axillary recurrence rates [57] .
Several techniques for intraoperative SLN evaluation have been investigated to guide the decision to excise additional lymph nodes and to aid in patient staging. These techniques include imprint cytology (touch preparation), frozen sectioning, rapid intraoperative cytokeratin staining in conjunction with imprint cytology, and frozen sectioning, scrape preparation, or a combination of these techniques. Currently, the widely practiced intraoperative methods are imprint cytology and frozen sectioning. However, both of these methods have limited sensitivity with wide performance variability [58] [59] [60] . Recently, the FDA approved the first molecular-based diagnostic test for detecting whether breast cancer has metastasized to lymph nodes. The GeneSearch TM Breast Lymph Node (BLN) Assay (Veridex LLC, Raritan, NJ) was found to have greater sensitivity than traditional intraoperative methods for detecting the spread of breast cancer to the lymph nodes. Results from a prospective multisite study that enrolled 416 patients revealed that the BLN Assay detected approximately 10% more metastases than frozen sectioning and nearly 30% more than touch preparation [61] . Overall, the assay accurately detected 98% of metastases [2 mm and 88% of metastases C0.2 mm [61] . These data support the use of the BLN Assay as an intraoperative molecular test that can reduce the need for second surgeries to complete axillary dissection in SLN-positive patients.
Sentinel lymph node biopsy for patients receiving neoadjuvant therapy
There is no consensus on the use and optimal timing of SLN biopsy in patients who are candidates for neoadjuvant chemotherapy, which is known to downstage the disease in axillary lymph nodes in up to 30-40% of patients [62] . Results from NSABP B-27 suggest that SLN biopsy after neoadjuvant therapy is accurate (85% identification rate, 11% false negative) [62] , and a meta-analysis of available studies suggests that SLN biopsy after chemotherapy is a reliable indicator of the axillary lymph node status following neoadjuvant therapy [63] . As it currently stands, there remains considerable debate whether performing SLN biopsy before or after neoadjuvant chemotherapy will result in differences in the accuracy of the procedure, the staging information obtained, and whether some patients can be spared ALND based on the findings of SLN biopsy. It also remains unclear whether the decision to use postoperative irradiation should be based on the baseline lymph node status or status after neoadjuvant chemotherapy.
Role of surgery in metastatic disease
Another outstanding surgical question is whether and which women who present with metastatic disease benefit from primary tumor resection. Although some retrospective analyses suggest a survival advantage for patients who undergo primary breast tumor removal, the results are subject to selection biases [62] . Thus, clinical trials are needed to better define the role of surgery in this setting. In particular, will reducing primary tumor burden prolong survival in any particular subpopulation of patients? Conversely, is there benefit to surgical removal of oligometastases before or after systemic therapy for metastatic breast cancer?
Summary of surgical therapy advances and important clinical research questions
Future research priorities and current high priority trial involving surgery identified by the SLC are summarized in Table 3 . Some of these trials are driven by evaluating the effects of neoadjuvant systemic therapy on eradication of microscopic disease from the breast using HER2-directed therapy and endocrine therapy HER2-positive disease (B41, Z1041) and ER-positive disease (Z1031), respectively. Others evaluate the role and timing of surgery in metastatic disease (E2108), or the role of cryoablation in patients with small tumors less than 2 cm (Z1072). Current surgical trends continue to evolve toward less aggressive and less disfiguring procedures. Research into radiologic and biologic markers may provide more precise measures of tumor extent and may help identify patients whose tumors are more likely to respond to particular neoadjuvant (or adjuvant) systemic therapies.
Radiation
The goal of radiation therapy is to eradicate microscopic cancer cells that remain in the breast, chest wall or regional nodes following surgery ± chemotherapy. The optimal reduction in local regional recurrence from radiation therapy following breast conserving surgery or mastectomy can result in a decrease in long-term breast cancer mortality as demonstrated in meta-analyses [64] . Radiation therapy to the breast is standard for most women who undergo lumpectomy and for many women with node-positive disease who undergo mastectomy. Following breast conserving surgery, the treated area includes the breast, and regional lymph nodes in selected patients with node-positive breast cancer. Post-mastectomy radiation is directed to the chest wall and regional nodal areas and is generally recommended for women with four or more positive lymph nodes, and 1-3 positive lymph nodes with high-risk features (e.g., large primary tumors, high nodal ratio, etc.). The relative advantages of radiation have been offset by an increased risk of cardiac death noted in long-term breast cancer survivors treated with older radiation techniques, but is no longer apparent with modern techniques for delivering radiation [65, 66] . Recent advances have focused on radiating less breast and regional tissue (i.e., partial breast irradiation) by either external beam or local delivery (e.g., brachytherapy, Mammosite), and on improving techniques for more precise delivery of radiation, such as CT volume-based treatment planning, intensity-modulated radiation therapy (IMRT), 3D conformal radiation therapy (3D-CRT), and respiratory gating.
Accelerated partial breast irradiation
Accelerated partial breast irradiation (APBI), which is currently being intensely investigated, uses brachytherapy or 3D-CRT to treat the 1-2 cm of breast tissue surrounding the surgical cavity instead of the entire breast. Among the key clinical questions addressed in these trials is the determination of the optimal volume of breast to irradiate after lumpectomy in order to maintain local control rates equivalent to standard whole-breast irradiation (WBI). The presumption of clinical benefit with APBI is based on the finding that most true in-breast recurrences are found near the lumpectomy cavity and that in-breast recurrences in other breast quadrants are most likely new primary tumors whose incidence may not be affected by post-lumpectomy irradiation. Which breast cancer patients can achieve optimal local control from APBI remains unknown pending the completion of CTs. Most patients that have received APBI are considered ''low risk.'' The American Society of Breast Surgeons' criteria for APBI include age older than 50, tumor size less than 2 cm, invasive or in situ disease, 2-mm tumor-free margins, and node-negative disease [67] . The American Society of Radiation Oncology (ASTRO) consensus statement on APBI defines this group as older than age 60, tumor size \2 cm, negative margins, invasive ductal cancer, and node negative [67] .
Accelerated partial breast irradiation is an attractive alternative to traditional WBI because it requires a shorter course of therapy (5-8 days), potentially allows additional breast-sparing surgery if a recurrence occurs, and allows irradiation to be completed prior to administration of adjuvant chemotherapy for women who require both modalities (in addition to improved patient convenience and presumably lower costs). APBI may be delivered using four different established techniques, including multicatheter brachytherapy systems, external beam 3D-CRT, the MammoSite brachytherapy balloon, and intraoperative radiation therapy. Several CTs using APBI are underway, and early results are available for some. Results from RTOG 95-17 show that low-and high-dose-rate ABPI with Table 3 Research recommendations and high priority studies in surgery for early and advanced disease Extent of primary tumor. It is imperative to understand the extent of the primary breast tumor to ensure that complete tumor removal is achieved.
We should determine the best way to measure the actual tumor extent and the optimal margins of normal tissue around the tumor.
Optimal timing of SLN biopsy. There is considerable debate regarding whether to perform SLN biopsy before or after neoadjuvant chemotherapy. Further research is needed to determine whether there would be differences in the accuracy of the procedure, staging information obtained, and outcome. Moreover, we should determine whether some patients can be spared ALND based on the SLN biopsy findings.
Optimal second-line neoadjuvant or adjuvant chemotherapy in patients from neoadjuvant trials who do not respond to first-line therapy. Further research is needed to evaluate novel chemotherapy regimens either alone or in combination with innovative targeted agents to determine the optimal adjuvant treatment in patients who did not respond to first-line treatment.
Role of surgery in metastatic disease. Retrospective analyses suggest a survival advantage for patients with metastatic disease who undergo primary tumor resection. There are also indications that removal/sterilization of oligometastases combined with systemic therapy might result in long-term disease control. We need prospective trials to determine whether reducing tumor burden prolongs survival.
Identifying subpopulations of women who need more or less aggressive therapy. Several neoadjuvant trials prospectively stratified by biological or radiographic markers are ongoing. These types of trial will be important in determining meaningful clinical endpoints and biomarkers and how biomarkers should be used in directing treatment decisions. Correlation of the impact of these markers in the neoadjuvant versus outcome in the adjuvant setting is needed. interstitial brachytherapy have acceptable acute and late adverse effects, similar to WBI [68, 69] . RTOG 0319 demonstrated that 3D-CRT is feasible and provides reproducible results across institutions. In a study using 3D-CRT to deliver APBI for women with early stage breast cancer treated with breast-conserving therapy (N = 91; 46 evaluated for C2 years), no local recurrences were reported after a median follow-up of 24 months, with 12 women followed for 4 years or more [70] . Ninety-one percent of women who were evaluated rated their cosmetic results as good or excellent. The MammoSite Radiation Therapy System received FDA approval in 2002 to deliver brachytherapy to breast cancer patients after lumpectomy. This system was found to be well tolerated and easier to place than interstitial brachytherapy in a phase 2 study of 32 women, but radiation overdoses to the skin and late skin damage also were noted in some cases [68] . Five-year results of another study that treated 43 women using MammoSite balloon brachytherapy to deliver APBI demonstrated excellent local control among women with earlystage invasive ductal breast cancer [71] . Patients received 34 Gy in 10 fractions over 5 days. Minimal toxicities were reported, and 83.3% of women rated the cosmetic outcome as good or excellent The use of APBI, with its attractive qualities of shorter treatment duration and exposure of less normal tissue to radiation, may help to raise interest-and thus improve accrual-in CTs designed to answer questions about radiation therapy.
External beam whole-breast irradiation
After breast-conservation surgery, standard 2-dimensional (2D) WBI has a well-established track record of good local control, good cosmetic results, and low toxicity [67] . The advent of newer radiation modalities and methods raises questions as to whether 2D WBI delivered over 5-7 weeks is still the standard of care for women with breast cancer, given that modalities such as 3D-CRT and IMRT demonstrate improved targeting to avoid harm to normal tissue and methods such as hypo-fractionation can reduce the burden of care by decreasing the overall treatment time by 30%.
One approach could be to implement newer radiation therapy techniques to improve the therapeutic ratio of WBI, such as the use of image guidance for tumor bed localization and IMRT to improve dose homogeneity, and hypo-fractionation to accelerate treatment [72] . Use of IMRT reduces both acute and late toxicity rates in initial clinical trials [73] [74] [75] . Still, its application varies widely due to limited data of optimal target volumes, normal tissue constraints, radiation therapy parameters, and local control. Hypo-fractionated WBI delivers WBI in 16 treatments as opposed to [25] [26] [27] [28] and has demonstrated good local control and toxicity [76, 77] . However, these studies used older WBI methods, excluded patients based on size, and did not routinely use a supplemental radiation dose (boost) to the highest-risk tissue around the surgical cavity proven in CT to reduce in-breast recurrence in many patients [75] .
By using IMRT, an accelerated WBI treatment can be delivered in a shorter, 3-week course that also allows delivery of a higher biologic dose to the surgical cavity [78] . A recent phase 1/2 study reported that delivering accelerated WBI with an integrated higher dose to the surgical cavity using IMRT to patients in the prone position is feasible and greatly reduces the amount of radiation exposure to the heart and lungs [79] . These help to reduce the burden of care, potentially improving acceptability, and access. The shorter course of therapy and reduced need for post-treatment care may offset the higher costs of IMRT.
Radiation in locally advanced breast cancer
Use of APBI and IMRT is associated with less toxicity to normal tissue [75] , with good cosmetic results [70, 71] . This leaves open the clinical question of whether the use of these techniques can reduce the known toxicity and sequelae of radiation therapy for locally advanced breast cancer. A study in three patients with locally advanced breast cancer found that use of IMRT (using segmented multileaf collimation) required a lower dose of radiation and produced less exposure of the heart and lung tissue to radiation than a traditional wide-tangential approach [80] . Before recommendations can be made about the use of 3D-CRT and/or IMRT for post-mastectomy radiation therapy or regional nodal irradiation in stage IIB-III disease, clinical trials will need to define optimal methods and demonstrate acceptable, local regional control, and toxicity rates.
Summary of radiation therapy advances and important clinical research questions
Research priorities in radiation therapy identified by the SLC are summarized in Table 4 . The advent and adoption of new techniques for delivering radiation therapy promise shorter courses of therapy and less toxicity to skin and normal heart and lung tissue. However, outstanding questions remain and must be addressed in randomized CTs. In the next 1-2 years, a priority is to complete NSABP B-39/ RTOG 0413 (clinicaltrials.gov; NCT00103181), a phase 3 randomized study of adjuvant WBI versus adjuvant APBI in stage 0-II breast cancer; this trial was amended after too many low-risk patients were recruited, requiring exclution of additional low risk subjects and increasing the sample size in women with DCIS or stage I/II breast cancer.
The primary endpoint is in-breast recurrence; also assessed will be overall, recurrence-free, and distant disease-free survival. Accelerated partial breast irradiation can be administered by interstitial catheter-based brachytherapy, MammoSite balloon-based brachytherapy, or external beam 3D-CRT.
There are many unanswered questions regarding radiation use in stage IIB-III locally advanced breast cancer for which CTs are under development. These questions address optimizing and individualizing local therapy for breast cancer patients: Is it feasible to implement IMRT/3D-CRT conformal therapy for regional nodal irradiation in locally advanced breast cancer and reduce toxicity? Can radiation following mastectomy or nodal irradiation following breast conservation be safely omitted based on complete response to neoadjuvant chemotherapy in stage II-IIIA breast cancer? Will the development of preoperative radiation methods following neoadjuvant chemotherapy for locally advanced breast cancer incrementally improve complete response rates, allow for more breast conservation, facilitate immediate breast reconstruction; and can biomarkers for radiation response be identified? In addition, ablative image-guided radiation (SBRT) for metastases has been developed. Clinical trials designed to evaluate whether the use of this technology can change the outcome for oligometastatic disease are warranted. A major priority for future radiation-oncology protocols is to incorporate translational studies to identify biological and genetic markers for tumor response and patient toxicity to better individualize breast cancer treatment. Kelly Hunt, MD
